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LETTERS TO THE EDITOR
The p53-Stabilizing Compound CP-31398 Enhances
Ultraviolet-B-Induced Apoptosis in a Human Melanoma
Cell Line MMRU
To the Editor:
The tumor suppressor p53 plays a crucial role in cellular
stress response to ultraviolet (UV) irradiation, including cell
cycle arrest, DNA repair, and apoptosis. As the p53 protein
level in unstressed cells is very low due to a short half-life,
compounds that stabilize the p53 protein conformation may
prolong its tumor suppressive functions. Recently, a synthetic
compound, CP-31398, was found to promote the stability of
the DNA binding domain of wild-type p53 and full-length
wild-type p53 (Foster et al, 1999). CP-31398 was also able to stabi-
lize the active conformation of newly synthesized mutant p53,
leading to increased transcriptional activity and inhibition of tu-
mor growth in mice.We recently showed that CP-31398 induced
p53-dependent apoptosis in human colon carcinoma cells
through the Bax/mitochondrial/caspase-9 pathway (Luu et al,
2002). In this communication, we show that CP-31398 signi¢-
cantly enhances UVB-induced apoptosis in a human melanoma
cell line.
To determine if CP-31398 could upregulate p53 protein
levels after UVB exposure, a wild-type p53 human melanoma
line, MMRU, was exposed to UVB and treated with CP-31398.
Western analysis showed that p53 protein levels increased 2.1-
and 2.4 -fold after treatment with CP-31398 or UVB alone,
respectively, compared to the untreated control (Fig 1A). Combi-
nation treatment with UVB and CP-31398, however, led to a
higher p53 induction (4.8-fold) than either UVB or CP-31398
treatment alone. To determine if CP-31398 enhances UVB-
induced apoptosis, propidium iodide and £ow cytometry analysis
was performed to assess the pre-G1 population. UVB-irradiated
cells treated with CP-31398 had a signi¢cantly higher
percentage of hypodiploid DNA population than cells treated
with UVB alone (Fig 1B). Treatment with CP-31398 alone at
8 mg per ml is nontoxic to the cells. In addition, the DNA ladder
assay showed more DNA fragmentation in UVB-irradiated cells
treated with CP-31398 compared to cells that were only irradiated
with UVB (Fig 1C). Collectively, these data show that CP-31398
enhances UVB-induced apoptosis in human melanoma MMRU
cells.
Next, we sought to elucidate the mechanism involved in CP-
31398 enhancement of UVB-induced apoptosis.Western analysis
showed that Bax, a pro-apoptotic protein known to be regulated
by wild-type p53 and to be involved in UV-induced cell death,
was upregulated more in the UVB/CP-31398 combination treat-
ment than the single treatments (Fig 2A). Increased Bax expres-
sion can result in mitochondrial membrane permeability change
and release of cytochrome c from the mitochondria into the cy-
toplasm (Karpinich et al, 2002).We then used the MitoCaptureTM
Apoptosis Detection Kit to determine if CP-31398 has an e¡ect
on mitochondrial membrane potential. There was a signi¢cantly
higher percentage of green apoptotic cells in UVB-irradiated
cells treated with CP-31398 compared to the cells irradiated
with UVB alone (49% vs 33% at 40 mJ per cm2, po0.05; 55%
vs 40% at 60 mJ per cm2, po0.05, Student t test) (Fig 2B),
suggesting that CP-31398 enhances UVB-induced apoptosis by
altering the mitochondrial membrane potential. Subcellular
fractionation and Western blotting indicated that more cyto-
chrome c was released from the mitochondria in MMRU cells
after UVB/CP-31398 combination treatment whereas little cyto-
chrome c release occurred in cells treated with UVB or CP-31398
alone (Fig 2A).
Activation of the mitochondrial apoptotic pathway involves
cytochrome c release, leading to the activation of caspase-9 and
subsequent downstream e¡ector caspases, such as caspase-3 (Shen
andWhite, 2001).We analyzed the cleavage of caspase-9 and cas-
pase-3 byWestern blotting. More procaspase-9 and procaspase-3
were cleaved in UVB-irradiated cells treated with CP-31398 com-
pared to cells irradiated with UVB alone (Fig 2C). Collectively,
these data show that CP-31398 activates the mitochondrial apop-
totic pathway after UVB exposure.
Our results for the ¢rst time demonstrate that CP-31398
enhances UVB-induced apoptosis in human melanoma cells
via the Bax/mitochondria/caspase-9 pathway. These results are
consistent with previous studies showing the involvement of
p53 in the mitochondrial-mediated apoptotic pathway. Studies
have shown that UV exposure of mouse skin induced p53
expression followed by increased Bax expression and apoptosis
(Ouhtit et al, 2000). Moreover, adenoviral introduction of wild-
type p53 into p53-null Saos-2 cells causes Bax-dependent cyto-
chrome c release and activation of caspases (Schuler et al, 2000).
p53-dependent apoptosis is a self-protective mechanism to elim-
inate unnecessary cell proliferation or delete cells with severely
damaged DNA. Failure to remove cells with damaged DNA by
apoptosis may lead to mutations and ultimately cancer develop-
ment. Thus, the presence of wild-type functional p53 is impor-
tant to the preservation of genomic integrity and prevention of
carcinogenesis after UV exposure. p53 has been shown to be
involved in UV-induced skin cancer development in animal
models. Transgenic mice with abnormal p53 function develop
more squamous cell carcinomas than control mice after UVB
irradiation (Li et al, 1995; 1998). Furthermore, Kanjilal et al (1993)
found that all 11 of UV-induced murine skin cancers examined
had mutations in the p53 gene. In humans, individuals with
Li^Fraumeni syndrome who have germ-line mutations in the
p53 gene are highly susceptible to the development of many
forms of cancer (Nichols et al, 2001). Our ¢ndings of CP-31398
enhancement of UVB-induced apoptosis in melanoma cells
suggest that this compound may be used to stabilize p53 or rescue
mutant p53 to suppress the development of skin cancer after UV
exposure. More studies are required to determine if CP-31398 can
enhance UVB-induced apoptosis in normal nontransformed
melanocytes and keratinocytes.
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Figure 2. CP-31398 activates the mitochondrial pathway during
UVB-induced apoptosis. MMRU cells were irradiated with 0 or 40 mJ
per cm2 of UVB followed by treatment with 0, 8, or 10 mg per ml of CP-
31398 for 24 h. (A) Western analysis of Bax and cytochrome c levels with
anti-Bax (N-20) (Santa Cruz Biotechnology) and anticytochrome c (BD
Pharmingen) antibodies. (B) Cells were stained with MitoCaptureTM solu-
tion containing a cationic dye and then visualized using £uorescent micro-
scopy. The graph shows quanti¢cation of the percentage of green apoptotic
cells based on the changes in the mitochondrial membrane potential. At
least 500 cells from ¢ve random ¢elds were counted. Data represent
mean7SD from three independent experiments. Paired two-tailed Stu-
dent’ t test. nSigni¢cance: po0.05, compared with UVB alone. (C)Western
analysis of caspase-9 and caspase-3 levels. b-actin was used as loading con-
trol. The relative expression levels of procaspase-9 and procaspase-3 were
determined by densitometry.
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Figure1. CP-31398 enhances UVB-induced apoptosis by increasing
p53 protein levels in MMRU cells.MMRU cells were irradiated with 0,
40, 60, or 80 mJ per cm2 of UVB followed by treatment with 0 or 8 mg per
ml of CP-31398 for 24 h. (A) Western analysis of p53 level with DO-1
antibody (Santa Cruz Biotechnology, Santa Cruz, CA) and b-actin (BD
Pharmingen, Canada) as loading control. The fold of p53 induction was
determined by densitometry. (B) Cells were stained with propidium iodide
and the pre-G1 population was determined by £ow cytometry. (C) DNA
was extracted and analyzed on a 2% agarose gel.
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